INTRODUCTION
There is a considerable literature on the ecology of intertidal animals and a growing one on the sublittoral fauna. Largely because of the difficulty of taking samples in very shallow water, litde attention has been paid to the continuation of the intertidal zonation below the low-water mark. Although incomplete in some respects, the results of the present survey are published, partly to help bridge the gap between studies of sublittoral and intertidal faunas, pardy because it is unlikely that this surveywill ever be completed and partly because the intertidal fauna of one of the bays is particularly well known. The work was begun in 1938by one of the authors (A.M.) but was discontinued at the outbreak of the late war. Since 1949 further collections have been made and the identity of most of the species taken in the earlier sampling has been checked. The collectionsof animals and a full account of the results have been deposited in the Marine Laboratory at Millport.
METHODS
None of the larger and more reliable bottom samplers can be operated from the small boat that must be used in shallow water. All samples in the quantitative survey were taken by the Robertson mud bucket, that is, a cylindrical bucket about 15 in. long and 8 in. in diameter with a sharpened edge. The bucket lies on its side and, when hauled, cuts downwards at an angle until filled. The volume of the material taken in a sample is about 8000 mi. This instrument has several advantages; it can be used from a rowing boat (with or without an out-board motor) in very shallow water, it fills rapidly even when the substratum is hard sand and, so far as one can see on a calm bright day, the bucket fills in the same way at all depths within the limits of visibility, irrespective of the angle of the hauling rope. One disadvantage is that it collects a disproportionately large number of animals living just below the II ]OURN. MAR. RIOL. ASSOC. VOL. 34.1955 surface of the sand, though this drawbackit shares with the majority of bottom samplers in current use. Another disadvantageis that densities of populations cannot be expressed in absolute terms, i.e. numbers per unit area of sea bed. However, the Robertson buck~t does give reasonably accurate estimates of relative densities and that is sufficientfor the purposes of this paper.
Each samplewas washedthrough a 2 mm sieve. From the residue the larger animals were picked out by hand, while a binocular microscope was used to search for smaller animals. Formalin was added to dislodge small animals, such as Siphonoecetes which live in crevicesof stones and shells.
A series of ten samples was taken at each of seven stations at depths of I, 3,5, 6t, lot, 20 and 27 m belowlow water (mean ordinary tide) in each of the two bays. Kames Bay was studied in late autumn and winter (between November 1938and January 1939 and White Bay in late spring and summer (between May and August 1939) .This differencein sampling time may affect comparisons of densities for the two bays in the case of species whose young appear on the sea bottom in the early part of the year. It is impossible to say which bay is favoured in this respect: on the one hand, some young will not be large enough for retention on the sieveby May-August; on the other hand, some young will have succumbed from natural causes before NovemberJanuary. In the preliminary work of 1938-39, the prime concern was to establish the composition of the fauna in the two bays and gain facility in identification. For the comparison proper, it was intended to repeat the sampling simultaneously in the two bays at the rate of 30-50 buckets per station in the winter of 1939-40. Unfortunately the Second World War frustrated this intention.
In order to collect animals living on, or just above, the surface of the substratum, samples were taken by a 4 ft. 9 in. beam trawl with a ! in. mesh lined with 2 mm stramin. The trawl was hauled for a standard distance at each station in calm weather.
CONDITIONS IN THETwo BAYS'
The two bays studied were Kames Bay, facing south-east and sheltered from all other directions, and White Bay, facing north-north-east and relatively exposed to the east and north. The Isle of Cumbrae is exposed to the open sea to the south but is sheltered to some extent by neighbouring islands and the mainland in other directions. In Kames Bay the substratum consists of sand grading into fine mud at the deeper stations with only a slight admixture o. stones, while White Bay is consistently coarser with a much higher proportio! of stones and shells at each station. One peculiar feature of Kames Bay is tb large amount of vegetable debris, consisting of fragments of algae and lar plants, which lies on the bottom and is washed backwards and forwards wi the tide. Although a certain amount of this debris is found at all stations, it most plentiful at the three shallowest stations. At high water the bulk of the debris is over the intertidal region of the shore. The debris carries its own fauna, particularly of crustaceans, which does not figure in the bottom samples, but must nevertheless play an important role in the economy of the infauna both in competing for and providing food. .
There is also a considerable volume of debris in deeper water around station 7 and possibly extending beyond it. It is of a different character from the loose debris washed backwards and forwards by the tide in that it forms the permanent superficial layer of the substratum. Usually it is partially decomposed. The volume of debris collected by the trawl at high tide when most of the movable debris is above station I and in the intertidal zone is given below. Elmhirst (1931) , Stephen (1928 Stephen ( , 1929 Stephen ( , 1930 and Watkin (1942) , who, between them, have described in considerable detail the zonation of animals in the intertidal part of the bay. The lowest station of Stephen (1928) corresponds approximately with the highest station in the present survey. Elmhirst (1931) also studied the zonation of the Crustacea in the upper part of the sublittoral zone. The position of the stations is illustrated in Fig. I .
Polychaeta

I
The distribution of the more common polychaetes is given in Table! . On comparison with the data given by the earlier authors for the intertidal zonation, it will be seen that in no case does a species occur in large numbers both above and below the low-water mark. This discontinuity is not found in the other groups. Nephthys hombergii is numerous sublittorally and indeed is' common in muddy deposits at all but the greatest depths throughout the Firth of Clyde. Yet although it appears in moderate numbers in the intertidal zone of other parts of the Clyde (Stephen, 1928) , it does not do so in Kames Bay (Stephen, 1930; Watkin, 1942) . According to these authors, Nephthys caeca is common in Kames Bay down to low tide level but it has not been recorded at all from the sublittoral of this bay. Spio filicornis and Phyllodoce II-Z maculata are common at station I, very rare below that, and absent altogether above low tide level. P. groenlandica replaces P. maculata above low-water mark, but it is not nearly as common. Most species which appear to reach a " ' " 5. ' .
; ::S~< /,// 10M 7. maximum density at station 7 are, of course, more numerous still in deeper water, e.g. Scalibregma inftatum, Notomastus latericeus, Lumbrinereis hibernica, Lipobranchius jeffreysii and Glycera rouxii. The last three species are well represented in muddy deposits at almost any depth throughout the Clyde Sea area. By contrast, Melinna palmata appears suddenly and in very large numbers at station 7 and seems to occupy a narrow belt at a depth of about 3°m in several sandy bays in the area. Elmhirst (1931) has studied the distribution of crustaceans in Kames Bay from the high-water mark to a depth of 6 m below low water, spring tide. The present survey therefore overlaps Elmhirst's. In the overlapping region it confirms him, and his picture of zonation can now be extended to a depth of about 3°m. Only five species of amphipod are numerous below low-water mark (Table II) . Bathyporeia guilliamsoniana appears in greatest numbers about low tide level and extends for a short way into the sublittoral. In deeper water Iphinoe trispinosa and Siphonoecetes dellavallei take its place. Ampelisca brevicornis (A. laevivata of Elmhirst) occurs in small numbers from station 3 to station 7 with a small maximum at stations 3 and 4, while A. tenuicornis largely replaces it at stations 6 and 7 and extends into deeper water still.
Amphipoda
Mollusca
Tellinatenuisis the dominant lamellibranchof the intertidal zone of Kames Bay (Watkin, 1942) ;it extends a short wayinto the sublittoral zone and is then replaced by T. fabula (Table III) . In deeper water still Abra alba becomes dominant; A. albais both common and widely distributed in the Clyde area at greater depths than those studied here. The samples of Ensis ensis are probably unreliable: as a rule, only the tops of shells are taken by the mud Glycera rouxii
Lumbrinereis hibernica
Amphitrite cirrata
Notomastus latericeus bucket, and there is no means of telling how many individuals had retracted below the sampling depth altogether. The carnivorous gasteropod Philine aperta is moderately common at all stations below station 2.
TABLE IV. DISTRIBUTION OF ECHINODERMS IN KAMES BAY
Echinodermata
The only echinoderm recorded from the intertidal zone of Kames Bay is Echinocardium cordatum; it extends some way into the sublittoral zone and is the only echinoid found in these comparatively shallow waters throughout the year. A marked zonation of ophiuroids exists, but only the fringe of it has been touched here. They extend into deeper water and from the trawl samples taken (vide infra) it is evident that the Robertson mud bucket is not ideal for collecting them. Amphiura filiformis is at its maximum numbers at station 7 and is replaced in deeper water by A. chiajei. Ophiura affinis is at a maximum at station 5 and is replaced by O. albida. In view of the unsatisfactory nature of the sampling, the figures given in Table IV must be regarded with some SUspICIon.
The Superficial Fauna
The superficial fauna and the bottom-feeding pelagic animals are not collected by the Robertson bucket. Some of these animals are present in large numbers and must play an important part in the economy of the bottom fauna as a whole. Some are more or less resident. Others, for example, certain pelagic crustaceans are known to migrate inshore from deeper waters at night 
and at high tide (Watkin, 1941 ). An intensive and extended investigation would therefore be neededto give a comprehensivepicture of their distribution. This has not been attempted here, but a series of trawl samplesmade at each station in Kames Bay revealed that, at the shalloweststations at least, some of the commonest animals living on or in the substratum had been missed completely by the Robertson bucket (Table V) . Crangon vulgaris, Schistomysis spiritus, Idotea baltica, Gammarus locusta, Nototropis swammerdammi and Pseudocuma cercaria are all plentiful at inshore stations though they are not represented at all in the mud-bucket samples. On the deeper stations the results of the trawl sampling do not alter materially the conclusions already drawn about the relative importance of the various members of the fauna, with two exceptions: (I) Ophiocomina nigra, which did not figure in the mud-bucket samples, is now seen to be present at station 7.
(2) Contrary to the mud-bucket findings (Table I) , Platynereis dumerillii is probably more numerous at station 7 than station 6, because of its association with matted vegetable material in the surface mud. The latter is aboJlt 5°times more plentiful at station 7. For some reason this material is not normally taken by the bucket. And it is significant that of the total thirty-seven P. dumerillii from station 6 (Table I) , thirty-one were in the sole bucket sample (from this or any other station) containing an appreciable quantity of the said material.
FAUNA OF WHITE BAY AND A COMPARISON BETWEEN THE Two BAYS
A similar series of mud-bucket samples was taken in White Bay on seven stations at the same depths as those of Kames Bay (see Fig. 2 ). The intertidal fauna of White Bay has never been studied. The sublittoral fauna is broadly the same as that of Kames Bay with some interesting differences, doubtless related to ,the greater exposure and consequent coarser substratum together with the absence of algal debris in White Bay. Polychaeta The only remarkable difference between the two bays is the virtual absence of Platynereis dumerillii. As we have already noted, this species is commonly associated with matted plant debris so that its absence is only to be expected. The other species have much the same distribution as in Kames Bay though the total numbers are somewhat smaller (see Table VI ). 
Amphipoda
Some interesting differences appear in the crustacean fauna of White Bay (Table VII) . Bathyporeia guilliamsoniana is much less common than in Kames Bay, but it appears in much the same part of the beach. Iphinoif trispinosa and Siphonocoetes dellavallei, both common in Kames Bay, are absent from White Bay. On the other hand, Ampelisca typica, which was not found in Kames Bay, is here present in moderate numbers having much the same range as A. brevicornis. These differences may be attributable either to the different nature of the substratum or to the lack of vegetable debris in White Bay.
Mollusca
Spisula subtruncata, Donax vittatus, Philine aperta and Nucula nitida are all common in Kames Bay, but are absent or virtually absent from White Bay. Abra alba, Cultelluspellucidusand Dosinialupinusare present, but in reduced numbers. Natica alderi,which is absent from Kames Bay, is found in White Bay where it almost wholly replaces Philine aperta as the important carnivorous gasteropod. Species common to the two bays occupy the same position on the beach (see Table VIII 
Echinodermata
Only four species of echinoderm are at all plentiful in Robertson bucket samples though it is quite possible that other species are present and that some of those recorded are more numerous than Table IX indicates. The reduced numbers of holothurians in White Bay is possibly due to the coarser nature of the substratum.
Thus the zonation of the most abundant animals in the two bays is much the same. The main differencebetween the bays is that Kames Bayhas a more varied and more numerous1 fauna, particularly at the deeper stations as Tables X-XII clearly show. Presumably this is because of the more sheltered conditions in Kames Bay which result in a finer deposit with large amounts of vegetable debris. There is only one example of an ecologicalniche being filledby a differentanimal in the two bays, that of J?hilineapertain Kames Bay being very largely taken by Natica alderiin White Bay. A full list of species found in the two bays is given in the Appendix (pp. 178-180). There are practically no data on other bays with which to compare the present findings. A certain amount of collecting has been carried out in Ettrick Bay on the west side of Bute; the bay resembles Kames Bay more nearly than White Bay, but no sampling in shallow water has been possible there. So far as they go, the results from Ettrick Bay bear out the general tendencies found in Kames and White Bays.
DISTRIBUTION OF ANIMALS ON THE SEA BED
On examining samples from sublittoral deposits it is at once obvious that the density of some animals varies widely in successive sample units from the same station, while other animals appear to be more uniformly distributed. It is possible that the method of sampling might give a spurious impression of the distribution of some species. For instance, the mud bucket might bite deeper on one occasion than on another. But all methods of sampling the sublittoral fauna in use at present have this defect. Judging from the uniform performance of the Robertson bucket at depths where it is visible, there is strong reason for thinking that ten buckets would not vary much in character among themselvesat anyone station. A more important consideration is that samples of ten units are too small for certain types of statistical treatment.
In considering the nature of the distribution of organisms over an area, Fisher's' coefficientof dispersion' may be used. It was introduced first in plant ecology, e.g. by Clapham (1936) and Blackman (1942) , and later in terrestrial and marine ecology, e.g. by Salt & Hollick (1946) , Holme (1950) and Barnes & Marshall (1951) .The coefficientof dispersion is given by 'J:.(x-x)2jx(n-I), where'J:.(x-x? is the sum of squares of the deviations of individual units (x) from the mean (x) of all the units (n) comprising the sample. The coefficient leads to unity when the population is randomly distributed, is less than one if the population is over-dispersed (i.e. more or less evenly distributed) and greater than one if it is underdispersed (i.e. more or less aggregated). The significanceof the departure from unity is tested by
where, again, n is the number of units in the sample. In the present bucket samples, n= 10 and the limits of the coefficientfor random distribution are therefore 1.9938 and 0.0062. A coefficientgreater than 1.9938may then be taken as significant evidence of aggregation. But obviously, with the lower limit at 0.0062 the coefficient can not be expected to distinguish between random and over-dispersed distribution in samples of 10 units. The sample size need only have been doubled to permit the distinction, although, of course, the larger the sample the better, as the following tabulation shows: Departure from randomness may of course be tested by fitting a Poisson distribution from the sample mean and then applying the x2 test with n -2 degrees of freedom. And Blackman warns that' when the coefficient of dispersion value is not significantly different from unity the x2 test should still be applied since the coefficient of dispersion test, although sensitive as regards aggregation, will not detect certain types of skew distribution'. He gives a field example (a sample of 100 units) where the coefficient obtained though greater than unity~snot significantly different from it, yet the evidence of the X2 test is that the distribution is not random. Thomson (1952) 
confirms
Blackman. Unfortunately, with a sample size of only 10 units, the direct calculation of x2 for a fitted Poisson provides little or no useful information.
Some writers have pointed out that the quantity
2:-(x-X)2/X,
known as the 'index of dispersion', is approximately distributed as x2 with n -.1 degrees of freedom if the data come from a Poisson population. 'For x~5 the X2approximation. . .is highly satisfactory even for n, the number of observations, as small as 5, and is fairly accurate for x < 5, although it will tend to give too few significant results' (Bateman, 1950) . With n= 10, the P = 0.05 value of x2 is 16.919. And since the index of dispersion is (n -I) times the coefficient of dispersion, this x2 value is equivalent to a coefficient of 16.919/9= 1'8799 which is practically the same as the limit 1'9938 given above. But while a coefficient> 1.9938 is significant evidence of aggregation, an index =X2>I6'919 is merely significant evidence of non-randomness, i.e. the index apparently can not distinguish between aggregation and overdispersion. Three other measures of dispersion are discussed by Thomson (1952) but none are appropriate for the present data. We must therefore confine ourselves to employing the coefficient of dispersion alone in an attempt to distinguish between aggregated and non-aggregated species, bearing in mind that animals falling into the latter group may be either randomly distributed, or distributed in a skew but non-Poisson fashion, or overdispersed.
At each station the coefficient of dispersion has been calculated for each species occurring in the ten buckets. Altogether, 459 coefficients are available from the two bays and they range from 0'2593 up to 69'99. Since only 19'4 % of coefficients are above the significance limit 1'9938, it seems that nonaggregated distribution (probably chiefly random) is the general rule in the community dwelling on and in the upper layer of the sea bed. As will be seen below, this conclusion requires testing with different sizes of bucket (sample unit) .
Aggregation is, of course, out of the question if there is only one individual of a species among ten buckets. But with n = 10, the coefficient of dispersion is greater than 1'9938 whenever there are two or more individuals in one bucket and none at all in the remaining nine buckets. Hence significant evidence of aggregation can be obtained from densities of 0'2 per bucket and upwards. Table XIII gives the complete list of species showing evidence of aggregation in at least one sample of ten buckets. In general, the samples of these species do not show consistent evidence of aggregation until the mean per bucket is greater than about 10'0. Above a mean of 10'0, 94'1 % of samples have a coefficient indicating aggregation. Below that mean level, the percentage dwindles in a smooth curve until at means of 0'2-0'9 per bucket it is only 26 %. This is to be expected from the well-known empirical finding that the smaller the mean for a particular sample unit, the more nearly will a contagious or aggregated distribution conform to the Poisson Law: variance = mean. An obvious corollary is that the demonstration of aggregation will depend to some extent on the dimensions of the sample unit. Thus evidence of aggregation may disappear altogether if a s,maller unit (e.g. bucket or quadrat) is used, simply because the mean per unit is reduced. Evans (1952) confirmed this by experimenting (on paper) with different unit (quadrat) sizes on the mapped data from a field in which the plants had been' completely enumerated'. And he makes the sound point that dispersion should be investigated with more than one size of sample unit.
Pardy from the nature of the data and partly from the sketchiness of biological and ecological knowledge at the present time, there is little of value to be concluded from the data on individual species showing some evidence of aggregation (Table XIII) or none at all (Table XIV) .
Polychaeta. Ten errant and nine sedentary species of Poly chaeta show some evidence of aggregation while six errant and fourteen sedentary species do not. That is 62'5% of errant species but only 39'1% of sedentary species show evidence of aggregation in the two bays. This difference of proportion is significant, x2 = 4'976, P=o'03. Hence errant polychaetes tend more to be aggregated than sedentary polychaetes. Percentage of samples 27'6 34'3 41'2 60'6 94'1 aggregated * A sample is 10 buckets from anyone station. The sample must not be confused with the sample unit which is I bucket.
Crustacea:The writers see nothing to add to what the tables say.
Mollusca. According to Holme (1950) , at lower densities Tellina tenuisis over-dispersed rather than randomly distributed or aggregated. This is not the case in the present work since sampleswith means of 0'2, 0'2 and 0'3 per "bucket gave coefficients of dispersion equal to 2'0000, 0.8889 and 1'5185 respectively; and samples with means greater than 2'0 per bucket invariably had a coefficientof dispersion denoting aggregation. The disagreement with Holme is probably explained by sample size.
Echinodermata. It is well known that Ophiuroids tend to aggregate, and the present results, with two species of Ophiura and two of Amphiura, confirm this,
In some cases large local variations in population density may reflect the effectsoflocal differencesin the nature of the substratum on the settlement of larvae or their survival after settlement. For this to be the main cause of the marked patchiness of distribution shown by species in Table XIII it must be assumed that the sea bed is a veritable mosaicin which one square yard of the bottom may differ markedly from the next. This is hardly credible, One imagines uniform conditions existing on a sandy or muddy bottom, and certainly the bucket samples suggest uniformity of conditions within each station. The larger variance/meanratio (coefficientof dispersion)of the species in Table XIII arises more likely from living habits which lead to aggregation of individuals. Without knowing more about their life histories and habits, it is difficultor impossibleto say what might cause aggregationin the individual specieslisted in Table XIII . Species lacking a dispersal phase and which are fairly sedentary in adult life would naturally tend to collect into family aggregations and one consequence of this in the speciation of polychaetes has already been suggested (Clark, 1952) . However, this can not explain aggregations in two of the amphipod species which are active, swimmers, leave the sand for breeding and appear in the plankton at night (Watkin, 1941) . In these cases the formation of aggregationsmust be an active process, as it may also be in the case of the polychaete Goniada maculata which has a pelagic larva and which is probably an activeswimmer in the adult stage. Again, none of the molluscs in Table XIII is known to have lost its dispersivepelagic larval phase; unless differentialmortality takes place after the molluscan larvae have settled on the substratum, active aggregation must be assumed. No doubt the factors leading to the formation of aggregationsdiffer not only from group to group but also from speciesto species. A well-known instance of active aggregation occurs among the Ophiuroidea. Allee (1927) has shown that ophiuroids disperse when living amongZosteraand can be made to dispersein the laboratory when provided with artificial vegetation in the form of glass rods. Yet living (as they commonly do) on a fairly bare substratum, they form aggregations unless, apparently, the density is too low. Such aggregations on the sea bed have been photographed by Vevers (1951 Vevers ( , 1952 . The main physical differences between the two bays are: (1) Kames Bay is more sheltered and has a finer deposit of sand or mud at each station with fewer stones and shells than White Bay; (2) in Kames Bay, a substantial quantity of vegetable debris is washed backwards and forwards with the tide in the upper part of the sublittoral zone and there is a large amount of decomposing organic material mixed with the superficial mud at a depth of about 3°m; both these circumstances are practically absent in White Bay.
Full lists are given of the macro-species occurring on and in the sea bed from low-water mark out to 3°m in the two bays. White Bay is somewhat poorer in variety of species and density of individuals than Kames Bay. The only other really important difference is that Philine aperta, abundant in Kames Bay, is replaced almost wholly in White Bay by Natica alderi as the carnivorous gasteropod.
The distribution of the intertidal fauna of Kames Bay, but not of White Bay, has been extensively studied in the past. The present results therefore extend the picture of animal zonation from high-water mark out to 3°m depth in Kames Bay.
When aggregation occurs, the possibility of its demonstration by means of the coefficient of dispersion depends to some extent on the size of the sample unit. With the Robertson Mud Bucket as the unit, the array of coefficients (calculated from all samples of all species occurring) suggests that nonaggregated distribution (probably chiefly random) is the general rule in the bottom community of the sublittoral. Of some 15°species comprising the invertebrate macrofauna, forty-eight showed significant evidence of aggregation in at least one sample; but the evidence is consistent over all available samples in less than half a dozen species.
